A section of midline abdominal skin was excised, and 8-10 ml of buffered isotonic salt solution (composition below) was injected through the abdominal wall. After gentle massage of the abdomen for 90 set, a suspension of peritoneal cells was aspirated through a midline incision. Additional salt solution (8-10 ml) was injected through the diaphragm into the pleural cavity, the thorax massaged for 90 set, and the midline incision extended through the sternum to allow removal of a suspension of pleural cells. Suspensions of pleural and peritoneal cells from 4-8 rats were pooled for each experiment.
The cells were centrifuged at 200 X g for 10 min and resuspended in a medium (pH 6.8-7.0) containing 150 rnM NaCl, 2.7 mM KCl, 0.9 mM CaC12, 3 mM NazHPOd, 3.5 mM KH2P04, 5.6 rnM dextrose, and 0.1 % human serum albumin (fraction V, Nutritional Biochemicals).
In a few experiments suspensions of washed pleural and peritoneal cells were used. In most experiments, however, the mast cells were isolated by centrifugation through solutions of Ficoll (Pharmacia) by a modification ( 14) of a procedure described by UvnZs and Thon (33). The number of mast cells in each sample of mixed or isolated cells was estimated by the method of Bray and Van Arsdale (3). Aliquots of cell suspensions were diluted in a white blood cell-counting pipette with a 0.1 % solution of toluidine blue in 0.9 % NaCl. The stained cells were counted in a hemocvtometer.
Sensitized mast cells were obtained by injecting rats subcutaneously with 30 mg of lyophilized horse serum (Nutritional Biochemicals) in saline containing 0.5 ml of Hemuphilus pertussis vaccine as an adjuvant.
The animals were killed 14-18 days later, and the mast cells were isolated as described above.
Treatment of cells. Mast cells were suspended in buffered medium ( 1 .O-2.0 ml) containing compound 48/80 (final concentration 1 or 10 pg/ml), antigen (final concentration 2 mg/ml horse serum), 0.1 % Triton X-100 (Rohm and Haas), or in several volumes of distilled water. (In experiments in which ATP was measured 4 mM EDTA and 20 mM NaF were added to both Triton X-l 00 solutions and control solutions to inhibit endogenous ATPase activity.) The samples were incubated for 10 min at 37 C in a metabolic shaker. The cells were seDarated from the supernatant medium by centrifugation, in most experiments at 200 X g for 5 min at room temperature.
Where ATP and protein were measured, mast cells were concentrated in small volumes (0.1-0.2 ml) of buffered medium.
These samples were separated into cell and supernatant fractions by centrifugation at 1,000 X g for 10 min in a Servall refrigerated centrifuge. In two experiments mast cells were suspended in buffered medium and disrupted with ultrasound ( 15 set at 5 a, 20 kc/set) generated by a Branson model 75 probe Sonifier. These samples were then separated supernatant fra .ctions withou t incubation.
into cell and After centrifugation the supernatant fraction was removed and the packed cells were resuspended in buffered medium. Both fractions were then sampled for the various assays. In all experiments O-05-to 0.5-ml aliquots were acidified with 2 ml of 0.1 N HCI and stored frozen until assayed for histamine.
Assays for enzyme activity, ATP, and protein were performed immediately.
In most experiments release was expressed as the amount of the material in the supernatant fraction as percent of the total material in the cells (e.g., supernatant plus cell frac tions) correc ted for spontaneous release. In a few experiments only the amount of ATP and protein remaining in the cell fractions was estimated.
A perfusion system was used to measure the release of 42K from mast cells which had been labeled by incubation for 60 min at 37 C in buffered medium containing 3-5 &ml of 42KzC03 (Mallinckrodt Nuclear Acid phosphatase activity was determined by a modification of the method of Neil and Horner (24). The increase in optical density at 410 rnp due to hydrolysis of p-nitrophenylphosphate to p-nitrophenol was measured in a Beckman DU spectrophotometer.
The enzyme was solubilized by treating all mast cell samples with Triton X-100 (final concentration -05 %), and endogenous substrates were depleted during incubation for 15 min at 37 C in 150 mM acetate buffer ( pH 4.5) containing 150 mM formaldehyde.
Duplicate aliquots of mast cell samples were then reacted in 1.3 ml of 150 mM acetate buffer ( pH 4.5) containing 90 mM formaldehyde and 10 mM p-nitrophenylphosphate ( Calbiochem). The reaction was stopped by addition of 0.2 ml of 1 N NaOH to one set of samples before and to the second set after incubation for 60 min at 37 C.
Lactic The release of potassium from mast cells was measured in serial samples of a cell-free filtrate from mast cells that had been labeled with 42Ka Gamma radiation was measured in a crystal well counter by a Nuclear-Chicago model 1810 radiation analyzer equipped with a NuclearChicago model 182 scaling unit. Each sample (adjusted to 2.0 ml with 0.1 N HCl) was counted for a period of 2-5 min; 50-5,000 counts above background were recorded for each sample during the counting period. Correction for isotope decay was made from a standard decay time table. All samples were stored at 5 C for 96 hr to permit decay of the radioactive potassium before histamine assays were performed.
RESULTS
Normal values of substances measured in mast cells. Table 1 lists the values obtained from measurements made with isolated mast cells and unfractionated cells of peritoneal and pleural fluids. Activities of the enzymes lactic dehydrogenase and acid phosphatase were less in isolated mast cells than in mixed cells when the enzyme activities were related to the total number of cells in the preparation. Isolated mast cell preparations contained approximately 40 % of the lactic dehydrogenase activity of mixed cells, a figure similar to that reported by Diamant (5). Thus, the lactic dehydrogenase activity of isolated mast MorPholugic changes in mast Gells treated with histamhereleasing ugen ts. In some experiments samples of the treated mast cell suspensions were diluted with toluidine blue (0.1 %) in saline and examined with the light microscope.
Although a detailed evaluation of mast cell morphology was not attempted, we observed that only fragments of cells remained in samples that were treated with distilled water, Triton X-100, or ultrasound. Mast cells treated with either antigen or 48/80, however, appeared to be intact and contained numerous granules which stained with toluidine blue. Because our observations were made on cells suspended in a hemocytometer, it was not possible to evaluate the extent of degranuIation of the mast cells by antigen or 48/80.
Comparison of release of enzymes and histamine. There was no evidence of release of either lactic dehydrogenase or acid phosphatase at doses of 48/80 which released over 50 % of the total histamine or by a dose of antigen which released 20-30 % of the total histamine.
In contrast, distilled water, ultrasound, or Triton X-l 00 released both of the enzymes and histamine.
These data are portrayed in Fig. 1 . The fact that the release of acid phosphatase induced by distilled water was less than that induced by Triton X-100 may reflect inadequate solubilization of the enzyme in distilled water. Acid phosphatase is presumably bound to lysosomal membranes and is more effectively solubilized by a surface active agent, such as Triton X-100, than by water alone (30).
Comparison of release of protein and histamine. The protein content of isolated mast celIs was not altered by treatment with doses of 48/80 or antigen which reduced the histamine content to less than 50 % of control values. Triton X-100, however, significantly-(P < .0 1) reduced the amount of both protein and histamine in the cells (Table 2) .
Comfiarison of release of ATP and histamine. There was no evidence that either antigen or 48/80 caused a significant release of ATP at doses which released histamine ( Fig. 2 and Table 2) although Triton X-100 released more than 70 % of both ATP and histamine, These data were obtained in experiments in which release of histamine and ATP into the supernatant medium was measured (Fig. Z) , as well as in others in which only the amount of histamine and ATP remaining in the cell fraction was measured (Table 2) . Comparison of the release of potassium and histamine. The major portion of 42K was retained by mast cells when histamine was released by antigen or 48/80. Subsequent addition of 0.1 % Triton X-100, however, released over 70 % of the accumulated potassium label and an additional store of histamine (Fig. 3) . In two experiments with antigen (Fig. 3, B ) the cells were not treated with Triton X-100, but addition of 0.1 N HCl extracted most of the 42K and the residual histamine. A small amount of 42K was released by 48/80 and antigen (Fig. 3) . 1,624&145 3.8&l .5* (4-I (4) lease suggesting that the two substances are released together. The time course of 42K and histamine release in a single experiment is shown in Fig. 4 , The experiments with antigen, however, gave a less precise coincidence of the time course of release of 42K and histamine probably because of the very small quantities of potassium released.
DISCUSSION
The release of histamine from rat mast cells by 48/80 or antigen was not accompanied by release of protein, lactic dehydrogenase, ATP, or the bulk of intracellular potassium. These data support the hypothesis that antigen and 48/80 cause the selective release of histamine without disrupting the mast cell membrane, Since mast cell histamine is contained in granules, the selective release of histamine indicates the selective release either of the granules or their contents. The identical time course of release of both histamine and the small amount of 42K induced by 48/80 suggests that these two substances came from the same compartment of the cell, presumably from the granules. The fact that proportionately larger amounts of both histamine and potassium were released by 48/80 than by antigen tends to support this conclusion.
Paton (25) found that octylamine released potassium as well as histamine from perfused skin, but potassium was not released by doses of 48/80 that released histamine. Our observations on isolated mast cells agree with Paton's except that we observed a small release of potassium in response to 48/80. Although histamine released from cat skin probably comes from mast cells, it is unlikely that Paton could have observed a concomitant release of potassium without the use of a radioactive label.
We did not measure release of granule constituents other than histamine, but there is evidence that serotonin and heparin ( 16) are also contained in rat mast cell granules.
Concomitant release of serotonin and histamine in response to antigen ( 11) and 48/80 ( 10, 19) (8), suggesting that the entire contents of the vesicles are released.
Observations of morphologic changes in mast cells after the application of 48/80 support the concept that the granules are released from the cell. Horsfield ( 13) followed the response of rat peritoneal mast cells to 48/80 with cinephotomicrography.
Within a few seconds vacuoles appeared in the cytoplasm and "'pores" formed at the cell surface, after which the cells appeared to shrink, the vacuoles disappeared and the granules were expelled. The nucleus and other parts of the cell, however, rem ained enclosed within the cell membrane ( 13) t
The electron photomicrographs published by Bloom and Haegermark (2) and others ( 13, 29) suggest that the perigranular membranes fuse with each other and with the cell membrane to exclude the histamine-containing granules from the intracellular compartment. According to the model proposed by Uvn& (32), histamine is displaced from mast cell granules by cations. Thus, if the granules are effectively excluded from the cell by a process of membrane fusion, cations in the extracellular fluid might exchange with histamine even before the granules appear beyond the periphery of the cell. The selective release of amines from mast cells is compatible with such a mechanism.
Because inhibitors of energy metabolism block the actions of 48/80 and antigen it has been proposed that degranulation of mast cells is an energy-requiring mechanism ( 12, 23). Our data neither support nor contradict this concept.
We have shown, nevertheless, that the release of histamine by 48/80 or antigen involves a highly selective process. Assuming that histamine is a marker for the mast cell granules, the selective release of histamine offers additional evidence that the mast cell granules or their contents are released. The action of 48/80 and antigen appears to be the initiation of events (possibly dependent on energy metabolism) through which the granules are exposed to the extracellular medium while the cell membrane remains functionally intact. 
